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© Single-needle type plasma separation apparatus and plasma collection apparatus. 

@) The sinole-needle type plasma separation apparatus of the present invention is provided with the blood 
g !l£^ (S) inducing the receiving portion for 

of pressurizing and depressing the interior of the receiving port.on; * «s possible to carry out the collect,™ i of 
S^n? blood collection container, the transportation of the collected blood to the 
and the return of the concentrated red blood cells from the plasma separator. Therefore, the present j™>*™ 
aSrds the advantages that the circuit construction is simple, the whole size of the apparatus .s small, the 

c^enis to o^ther can beshortened. the volume (or priming o. the plasma separate apparatus can be 
made small, and an automation of the operation becomes possjble. 
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SINGLE-NEEDLE TYPE PLASMA SEPARATION APPARATUS AND PLASMA COLLECTION APPARATUS 

BACKGROUND OF THE INVENTION 

This invention relates to a plasma separation apparatus for use in .^^f^^^^Z 
; particularly, to a singl^needle type plasma separation apparatus and a plasma collection apparatus for 

«n a «tion a^araius in which plasma separation is continuously carried out by uttong gravity by the 
ZrZSd Jl^ are lifted up and down alternatively, for example, as shown ,n 

sepa^a Z « out by'utilizing gravfty by the ^^^^7^) 
container is lifted up and down, for example, as shown in Fig. 15 (Japanese Patent Kokai JP-A-60-7852). 

TZZ*«?t£ 14 in me double^eedle type plasma separation apparatus in which plasma separat.on 
is oontuoXcSeooS menner that the bfcod 

are lifted ud and down alternatively, a donor need be stabbed with two puncture needles, that .s. a blood 
SleSS, need* 6l Tnd a Wood return needle 68. Further in this apparatus, blood coltected from a ve.n o, 
fh„ hL™ be ctcolated with a head between the donor and a plasma separator 63. Then a plasma 

also difficult to ensure to. "^m^ ™ %Z » vZ««*™< Pl»"» W*>" »PP»"1" S . 
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SUMMARY OF THE INVENTION 



^ , o o« ^hiort nf thP oresent invention to provide a single-needle type plasma separation 

connecting the blood collection conta.ner to a blood inlet ot me o.oo p )asma 
tube connecting a blood outlet o« the blood separator to , th ,** ^ ^ ^parato^o the 
collection container; a plasma ^^SS^ZSS recC^ ^ud^ng a receiving portion for the 

above ob^^^ 
separation circuit comprising a blood collection neeoie. a u.uuu v. 
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fion tube connect ft. H cofiecfion «— » J*- rSr^^^^ 
second blood transportation tube connecfing the blood oottetfon ^coma, ^ firs( 

separaton a third blood transportation tube connecting a blood oufiet oime >o p connecting a 
blood transportation tube; a plasma collection oontamen and a ^^TSSSng a biood ejection 
piasma outlet of the plasma separator to the plasma ooMta ' or depressurizing the 

Itainer receiving portion; pressurizing ^J^^TS^^Z ^achment portion tor 
interior of the Wood collection centner "«^^^%fSlg the first blood transportation tube 
detachaMy attaching the plasma separaton first shut-off means jor c« w a transportation 
of the blood separation circuit; second shut-off means for closing ^J^°°'™£ f 
Ibe thereof; and third shut-off means for closing the plasma transports tube thereof. 



BRIEF DESCRIPTION OF THE DRAWINGS 

' 5 Fig, is a schematic illustration of one embodiment of the single-needle type plasma separation 
^r^T^ZTZ^s of other embodiments of the single-needle type p.asma 
20 T^JSZ^S^^ of one embodiment of the piasma. joJJJn apparatus o, 

; - - — invention 
25 to which only a plasma separator is attached: 

30 collection apparatus of the present invention; mainta in function by ON/OFF operations 

apparatus of the present invention; n | acma rollection apparatus when 

^3(a)^ "nations of one example O, the pressurizing and depres. 

Sing means used in the piasma collection apparatus ol the present invent™ and 
F^s 14 and 15 are schematic illustrations Of prior art plasma separate apparatuses. 

DETAILED DESCRIPTION 

" The single-needle type plasma separation apparatus 0. the present invention will be described with 
reference to embodiments shown in the drawings. invention comprises a blood 

The single-needle type plasma separation apparrtu W J^jj^ J conne cting the blood 
collection needle 21; a blood collection container 5; a f rst Wood ^2^1 iSand blood transportation 
collection needle 21 to the blood collection oortaner 5 .^ood sepa^tor^ *J££^ , , njrd blood 
tube 6 connecting the biood M>< ^^^^0^^ 7 to the firs, Wood transportation 

^.S^KSSSST^ and capable ol pressurizing and depres- 
surizing the interior of the receiving portion nrP<;pn » invention is provided with the biood 
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rSad^rdSing bfood through a plasma separator, parts to bo handled can be gathered. 

^r^sZSo^tu, of the present invention will be described with reference to the 

^rrplatTsSon apparatus 1 o, the present invent, a we.Mcnown food coHection need.e 2, 

m8d ^ ^b^s^Son tube 2 is connected to the bfood coHeC on need.e21 MHjcn. JlTJj 
othe end of the first blood transportation tube 2 is in fluid communication wrth a blood co""*™ 

chamber 3 with the atmosphere, an air filter 16 ^ a J^^^^ 2b to ^ e blood collection 
possible to transport blood remaining in the first blood uwsponauon «« mater jal 

S— 5 . «■*, «~d ^''^r * "SUSS 

The secona Diooo transponmioi transportation tube 6 is in fluid communication with a 

at its one end. The other end of the < ^"™***™%™Zo n tube 8 is in fluid communication with a 

J— a^^ 

is preferably in fluid communication with the blood chamber 3 olSM!sma out i e t 7c of the plasma 

blood collection needle 21 and blood chamber 3 and between ™ D ™° shutK)ff mMns 13 is 

mrjrrssssr- rasr — — — - « - * 

simplified. collection container 10 are preferably closed-type blood 

The blood collects container 5 and P*""*"*^" vinyl chloride res in. Alternatively, they are 
reservoirs made of flexible ^^^^^.t^^^poh^Ma or rigid viny. chloride 
open-type blood reservoirs made of rigid syntheflc »»«"• P £ ^ collection container 5. 

resin having hydrophobic filters not allowing baalh to pass. Further^ n ^ ^ 

, there is contained an anticoagulant l.qu.d such as AC D ; liquid. CPU . ^ concentrated red blood 

anticoagulant liquid is preferably a physiolog.cal isotonic I ^LTte " Sk* plasma has been 

cells which were collected ^ b tood ~ JJ^JJ^^^oi^ «**. in 

separated is directly returned to the donor. By f**™*™** * ctjQ y n |ine can be ^med. making the 
the blood collection container 5 ,n advance n ^ anticoagu Jjjj^jji , of tne present 

r plasma separation apparatus more ^J^-"!^*^'^^ collection container 5 to the 
invention, since the ycond blood == tub e tube 2. blood does not 

snrss wi5^ wood c ° iiection - There,ore - there is no necess,,y ° 
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depressurized to transport blood into the blood collection ^<»^ r °"S" ™ |asma ator 7 
tube 2. The interior of the receiving portion is P^^^J^JJfi'J ££T£. the piesma 
from the blood collection container and return concentrated red blood cells to «^a°"° P 

3153 or Japanese Patent Kokal JP-A-63-23644. ^°^^°Z^™ er K dsc , 0 sed in the Japanese 
18 provided with a stirring function for blood in ^TL^Tl^S^- The stirring function is for 
Patent Publication JP-B-51-3153 « ^ Action £!*7l The stirring 9 function can be 

stirring the anticoagulant liqu.d and blood m the ^blood ~^ on ^° n ™ and rear end p^ons ol the 
carried out by. for example, repeating up and ^own laments ! of bottv *om ^. B . 51 .3 153 
blood collection container receiving portion as d.sclosed in the Japanese v atem ruo 
Alternatively, the whole of the receiving portion is vibrated. . receDta cle 19. The plasma 

Xbe embodiment shown , n Rg, inc. ^^^^ ^^SZ^er IC-'and a 
collection container receptacle 19 has f a / ece ' v,r>9 Q * ° giving p orti0 n has a volume capable 
function of depressurizing the interior of me of plasma in the case of 

of receiving the plasma collection container when contelnm p ^pressurized to 
the plasma collection container 10 be,ng «^^^."^^^£Scx7 The plasma collection 
transport plasma into the ^»^^!^ a S S container receptac.e 18 

collection container receptacle 18. a _ e9ni Fnr pyamD |e the plasma transportation 

, selecting the position of the plasma collect.on container ■ , . shown) , or transporting 

The plasma transportation tube 9 may be ^jfj^^£j£ means, in the case 

and a peristaltic pump. com p ris e forceps or electromagnetic clamps. The shut- 

mode selection switch for select.ng a. mode (blood collect.on ™£ e - Dl £ and plasma separation 
transporting blood from the second blood ^STSZS^^i shut off means and releasing 
mode). The mode selection switch is operated to ^^L^XlJZ/mode In the blood collection 
.means 17 in their opening and closing states in '^^T^^^ a „ d relea sing means 17 
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, 4 «_ -u.^« id and releastna means 17 are closed and the shut-off means 11. 13 

ZTTjrZl ^S2S JSS?irU bo Provided with an anticoagulant ..quid 
SJitZ,^ andtn anticoagulant liqufd container connected to the anticoagulant liquid transportation 
XE£E£ "-TofoperatL, of blood collection and plasma separation can be earned out 

%££2SS£Z ejection apparatus o, the present inversion will be described, 
r^mattc Hlustration of the basic construction of the plasma collection apparatus 40 o th.s 
m^Smt shS rr R g:4(a). Fig.4<a> shows the plasma collection apparatus 40 to wh.ch a smgle- 

blood IE needle 21: a blood collection container 5: a first blood transportation tube 2 connecttng the 
htood needle 21 to the blood collection container 5: a blood separator 7; a second blood 

i££*£2S tub£ T Meeting the blood collection container S to a blood inlet of the blood separator 7; a 
^SiiSrS? Tconntcting a blood outlet of the blood separator 7 to the first blood 
Sp^SoTSEft • Plasma collection container 10; and a plasma transportation tube 0 connects 
^mTouS of me plasma separator 7 to the plasma collection container 10. compnses a blood collection 
Sne^eoeLg portion 41; pressurizing and depressurizing means 58 for P««unzingo^pre^ri Z ing 
SnZtor7tha blood collection container receiving portion 41; a plasma separator attachment P°rt™£ 
JetacS attaching the plasma separator 7; first shut-off means 12 for closing the fir* IMood 
hfbe 2 of the blood separation circuit; second shut-off means 13 lor closing the second or Wrd Wood 
^portation tub?6 or 8 thereof; and third shut-off means 14 for Cosing the plasma transportation tube 9 

^The plasma collection apparatus 40 further comprises swinging means ; 42 for 

collection container receiving portion; pressunz.ng means 44 for pressunz.ng a cun_ 
arm of a donor; and pressure detecting means 56 lor detecting the pressure of the cuff 49 

means 46 for closing the anticoagulant liquid transportation tube 48. .^nsoortation tubes 2 

More specifically, the pressurizing and depressunzing means 58 c ^^" ses a '^^eak valve 50. The 

reference to Rgs.4 through 7. Th er 33 is 

The plasma collection apparatus 40 includes an inclined cover 83 in its uppei ^wau. me c 
provided with detecting means lor detecting the opening and closmg states „ « J^^^f* 
means comprises, for example, a magnet 86 disposed on the ™£Zf£2?££ cl0 std cover 8? as 

collection container receiving portion 41. 
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The blood co^on corner is n^on ^^^5T3l « W£ 
^ tube connecting si* *™ >^ receiving table 98 is ; pivotal* 

connecting side becomes the fronl ^sWe- ™ w°°° comprising a swinging crank 90 and a motor 

supported in its front side and provided ^^^^SSJL container receiving tab.e 98 is 
91™r driving up and down the swinging c '^ o ^^^ respect to me horizontal. The swinging 
supported in its initial state at an Inclination angle of +20 w.m £ . ^ ^ t0 

meowings the Wood collection , container J^ngUU*. 98 wrth an mprm, 

me horizontal. Pressurizing and ^^"1 '"L U^nLor of me blood collection container receiving 
receiving portion 41 to pressure or ^P fess " r ' ze Jr! * ^53 comprises a feed and exhaust circuit 53, a 
portion 41. The pressurizing and ^pressunzrng ^ ea ^ 8 in C ^ e The p^uri*^ and depressurizing 
vacuum pump 43 and two 3-port valves 51 and I5S as 1 hown ^n Rg. ^ a ^ of 10 mmHg 

means 58 can establish a depressunzed state vrithm me mnge of 100 » «g ^ set 

and a pressurized state the range of ^ ^V^Xros'surized or pressurized state is 
can be input at a front P*"* s hown , in fj * eperations of the vacuum pump 43 as shown .n 

maintained to substantially a constant P^sure by wur po over 3.^ valve s 51 

Fig. 1 1 . The depressurized and P^"^"^ jading the operations of the 3-port 
and 52. The operation of the pressunzingj ™ ^ valve 9 s 5 , and 52 is in the pass- 
vatves will be described with reference to Rg. «• ««* ^ atmosphere in rts OFF state as 
through mode in its ON state as shown ,n Fig. «J) ^ J*J- £J s2 P js OFF) as shown in Fig . 

S^s^^^ 

rr^a^^ — 43 s ° that * e 

interior of the blood collection <r° ntai ™ rec f j^^^^ a pressure detecting means 55. for 

The Wood collection container receivmg portion 41 * provided ^ ^ 

example, pressure sensor. "^^^r^H^S -eans 55 is attached to be in fluid 
portion 41 as shown m F.g. 4(a). S pec :.fic ally^ ™ p ion 41 tnrougn a tub e. As the pressure 

■communication with the blood collecfon <^£?«£ ^Hsure sensor is suitably used. The blood 
detecting means, a carrier wTaTeight detecting means 57. forexamp^ 

collection container rece-^ng port on 41 ,s urther pro ^ &? „ t0 ^ blood 

weight sensor as shown in ^f^^^^J^ means is for detecting the weight of blood ,n 
collection container receiv.ng table 98. The [£**™T> 9 toad cell is suUa bly used. The blood 

me blood collection container. As the JJJ^Sd"^ ^ te ak sensor (not shown). The blood 
collection container receiving portion 41 is receiving tab , e 98 s0 that me sensing surface 

,eak sensor is also attached to the ^"^tCcS ctmainer receiving table 98. The b.ood 
of the sensor is exposed in the upper ^^otnted on the load cell constituting the 

,eak sensor may be arranged as follows For e xampte , ^P acer ^ k ^ is mount ed thereon. The 
weight detecting means and a printed board constuutrng ?toodW^ M are closed in the ordinary 
shuloff means 12. 13. 14 and 46 suitably lESSSlmii side surface of the plasma 

state. A hanger 85 for the anticoagulant l.qu.d container constituting a plasma 
collection apparatus 40 as shown in ^^J^J^J^^ collection apparatus 40 : The 
separator attachment portion is formed on the ^suriace of h p ^ ^ ^ ^ q( ^ 
piasma separator holder 84 can rotate towards 20 ' t0 receive the plasma separator, 

piasma separator holder 84 to a pos,t.on nchne I by >m»0 of a ^ g ^ g3 |S 

The plasma separator is de.achaby *«^4bY*^JWW in Fig.4(a). a tube connected to 
formed in the front surface of the plasma collection^ ^ * s * a js connected to a cuff 

the cuff 49 can be attached to Ihe cuff pressure ^J^J^jf pressure port 93 is provided 

pressurizing pump 44 disposed in ^ ^l^^^T^pon 93, and a leak valve 54. The cuff 
with a pressure sensor 56 for detectmg the interna. ^ 8 ^ e ^^ manomet6r . The pressure sensor 56 
pressurizing pump 44 suitably comprises a ^'^SL The pressure applied to the cuff 
suitab.y comprises a carrier diffusion ^J^^^^JTSto * 100 mmHg by a step of 10 
49 from me cuff pressure port 93 is estab M^^mg^ ^ Q T „ e p|asma collection 

mmHg. The set pressure can be input at me front panel m i sno » jn , he thiro blood 

^appals is provided with a bubbie detect.^ J^^J^J^ . 
transportation tube 8 as shown in Rg.4(a). The DUDDie aewui y 

bUb r e o n p S era,ion o, .he singie-need.e type plasma separation apparatus of the present invention wii. be 
described with reference to Fig.1 
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The shuHrff means 11 and 12 are open, the shut-off means 13 and 14 and rleasi^ means 17 are 
me snuiwinw ^hi*. o\ is then stabbed into a ven of a donor. In this state, wnen tne 

ST? ^^^1^ S'ocH^on tube ah lows into the Mood collection 



rS£U* - bio* return F*2Zttitttt£ and the basing means 
The shut^ff means ,12 s ; dosed ; ^SSon cort-lnw receptacle 18 is pressurized to a 

,7 is dosed. Then, the interior of the ^ e ^5S B porton of the plasma collection container 
predetermined pressure and the mtenor of £ blood is transported from the blood 

receptacle 19 is depressed to a predetermined pressure soft* Mooo ™ ^ 
collection container^ to the plasma separator? through the "condW^J ^En owwL 10 through 

21 • Next, me operation of the plasma co.lec.ion apparatus 40 of the present invention will be described with 

reference to Rgs.4. 8(a) through 8(g) 9 }*\*^« l° comected tne blooo separation circuit comprising a 
The plasma collection apparatus 40 to which "J"""?" ™ transp0 rtation tube 2 connecting the 
Wood collection needle 21; a blood collect-on container *^^£2fi%^ 7: a second blood 
b.ood collection needle 21 to the blood co lection oonjnar 8. a Mood £^{£ mpM7im 
transportation tube 6 connecting the blood collection, »nta.ner S^blood^^ P^ ^ 

third blood transportation tube 8 connecting a blood ou let of me Mood sepa^ , ma 

transportation tube 2; a plasma collection contains 10 a ^^^^'^ Bquid container 45; 
outlet of the plasma separator 7 to the plasma ~Hect.onconta.ner JJ^jJWJ, container 45 to the 
and an anticoagulant liquid transportat.on tube 48 ^ n ^" 9 ^ne^Sg portion 41; pressurizing and 
,s blood coHection container S. comprises a ^^^^^f^oTX btoo d collection container 
depressurizing means 58 for pressuring o. dep^^JSabl! a ator 

receiving portion 41; a plasma se p« -"JTJ KSS^SSa - " ood se <» ration *** 
7; first shut-off means 12 for cosing the first "«»^^p«Stan tube 6 thereof; third shut-off means 
second shut-off means 13 for closing me second b ^ d ™*£™° shut . 0 „ means 46 for closing the 
4o 14 for closing the plasma transportation tube 9 thereof, and fourth shut mea 

anticoagulant liquid transportation tube 48. an , ir oanulant liouid injection step that the interior of 

The plasma collection ^^.^^^^X^^c^ o. the pressurizing and 
the blood collection container rece.ving portion 41 ,s *P""JJJ^ y an(ic oagulant liquid into the blood 
depressurizing means 58 so as to inject a ^ He( *on step that the interior o. 

<s collection container 5 from the ^^^.^Z^ S^Ji« of the pressurizing and 
the blood collection container ,ece.v,ng portion 41 ' s ^^utenVliquid injection step so as to collect a 
depressurizing means 58 after completion of ^^^^h^ a donor; a small amount blood 
predetermined amount of blood into the blood ^^^^^^ 41 is pressurized by the 
return step that the interior of the blood collection container ~g port ^ or step SQ 

50 operation of the pressurizing and ^-^^ the donor and flow the blood 

as to return the blood remaining .n the ^^^^S^Z^ tube 2; and a separation and 
collected in the blood collect.on containe 5 ' nt0 H ^/'' r ontainer receiving portion 41 is pressurized by the 
blood leturn step that the interior of the of the small amount b.ood 

operation of the pressurizing and ^Pressuriz.ng means 58 1 aHer oornplat o ^ y 

* return step so as to flow the blood col ected in he t ood coHecl ^ caniwjM, ^ ^ p(asma 

ssrr^sr^^ ce " — - the p,asma separator 
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s rfidptL «ve times p.asma ejections are earned out using the Wood Election container 
of 200 mi will be described with reference to Rgs. «Ka) I »^«g>- on Tn6 CPU ls initla , i2 ed and 

First, the power switch of the plasma collection W^^gJ^JJ me set value of the blood 
each part is automatically checked in its electnca. *«^8*jjq^ • ^ 
collection amount (200 mm. or 400 mm., here2<W mmr, ^of tmTof b.ood coltection (here 5 times) and 
,o collection or apherests. here apheresis). and the set n ™^ 0, ^V£ed. parame ters such as b.ood 
default data of each set parameter are transf mec ' ^^ r ^Wameter set switches arranged in the 
coltection pressure, blood return pressure, etc. ™ J^^S is opened and the shut-off means 

front surface of the plasma collection apparatus After th. » « * 0 f 

12 (CL12), ,3 (CL13). 14 (CL14) and46 (CL46) are *ano^. « e as we|| as the 

the pressurizing and depressunzing means 58 « release^ to ^ and depres . 

pressurizing/depressurizing change-over valves ^tacte 98 is then detected and the ' 

Lzing means 58. The weight of| Je Wood ^^^^cc.,* 
value detected is memorized as TWO. Nextjf »ere no error r. » a ( N , ) = 5, and the 

the blood collecUon amount of 200 mml. the number o ^^.^^^^a separation circuit 
operation mode (apheresis) are input as a default data ^^^^ ^.fS 49 is' connected to 
is then connected to the plasma co.lect.on apparatus 40 the tube ^ nne *^ 0 above-mentioned 
the cuff pressure port 93 and the cuff 49 ,s SLTSSi- to @ in F,g.8(b). In 

setting, ii me start switch on the front pane * turned on. then JWC ^ 
this operation, the weight of the blood collection con.a ner s detected I (TW5 detected that the 

collection container is abnormal (TWO *TW5) ^JT^^S^^ portion, and the flow 
blood collection container is not received I in «°od «» lect.on cor* a « tnen an alarm 

chart enters a mount dispose, routin. Further. * th ere is a teak of "ood or ^ ^ ^ 

is given. If no alarm is given, then a start lamp s It. entering thean ticoagu. J J fon con(ajner 
nl.N= N.(hereN = 5) is input and the detection of ^the pre^urc fon mode fe 

receiving portion is started. Next, me operation U lamp (ACD temp) is .it The 

"apheresis". the flow chart advances to ©. In th s » «" cn L ie . OV er valve 52 (V52) is in the 

to* vah,e 50 (LV50) is men ctosed the pump 43 (VP43) is 

pass-through mode, and the shut-off means 46 (CL46 ms J*"™^^ 4 1. As a result, an 

operated to depressurize the interior of the blood collection^ on jr^TSSSSn container 5 from the 
anticoagulant ..quid (for example. ACD liquid) is ,n,ected mtojhe Mood cotectio f|w cnart 

anticoagulant liquid container 45. If the ope rat. on, mode « ^ „-„ the weight aetect ing 

advances to © in Rg.8(c). T ».; "^^^^ container 5 before 

means 57 detects the state that the weight that the w«gh to. tne g 
injection of the anticoagulant liquid (NW o) ,s «*^ i J^^ n 5^ . NW „ iW„). If this state is 
(NW H ) becomes more than the set anticoagulant ^J^"* (CL46) is closed, and the 

detect, then the vacuum pump 43 (VMS) « f^'^f^SZS SuS Whiie the state of NW 
,eak va.ve 50 (LV50, is opened, completing the an abn orma.ity occurs or 

n-NW 0 *W„ is not detected in a prede.erm.ned time *.s al w cuff sure (CPR) „ 
not li an abnormality occurs, then an abnormality disposal is wn « °™ " eM ' p44) £ operated . |f the 
detected, the leak va.ve 54 (LV54) is close* and J^ff^J^ti^^ ACD lamp 
out. pressure becomes higher than a se. value ^^J^^CTR 2P2 is not detected in a 
is put out. and the start lamp goes ; on and off. J ^ h, ^ e ^ re St J® ^^a, or not . „ it is abnormal, then 
predetermined time, it is a.ways judged who her he Fig . 8(c) . Next, the puncture 

an abnormality dispose, is ^ " a t W^odTows into the biood transportation 

needle 21 is stabbed into a vein of a donor. After con ™9JT ° h donor tne start swUc h (start SW) 
tube through .he puncture needle owing , to the Llo J co nection mode is started. The 

disposed on .he front panel 80 is turned on. By this ' <**JW"J ™ depressurize ,he interior of .he blood 
■eak valve 50 (LV50) is Cosed. The ^^ 3 J^S%^s opened, .he swing motor 42 is 
. collection container rece.v.ng portion. ™e ShuWH . ™ ans 12 £ J press P ore pum p 44 is kept operated. 
; operated, and the b.ood collection ™ *£%2ZTJZ£Z ON/OFF operations of the cuff pressure 
. The cutt pressure is ma.nta.ned w.th.n a V****™^ ,3 Into the blood collection container 5 by the 
pump like the vacuum pump as £*b£ collection container 5 is successively 

operation of the above vacuum pump. The we.gm o. me 



mode, N 
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clogging in me 1,15,1 J\ •« nervation tube 2 is returned to the donor and blood to which an 

suss £ SL'SKsst'Si ^sr-^sKsar 

Wm«£. of Wood «lo»io 9 In tho M Mood w»po^ U» * . to "J^TJ^^ "J^jJ 

added blood (W 2 ) <tw 3 iw M ^M ine detected in a predetermined time, rt is always 

„ oo™t*«d. »*"• •» «"« " ™, -TW. *W, . Itan ao oboonoallly disposal is 

and first blood transportation tubes 8 and 2. ^°P^J^^ the 
blood collection container 5 before the separation and blood I ret urn mode C™s s ^ s 

weight of the blood collection container 5 ( TW ; ) becomes less than^ ^ ^ , he va|ves 

W,„). If the set weight is reached, then the shut-off means 13 . (C U 3) and 14 (C L P comple ting 

51 (V51) and 52 (V52) are released to the atmosphere •^^J * , ne state of 

the separation and blood return mode, then the (low chart adv ^ * ^ >JJ ^ an abnorma |ity 
TW n -TWs S W,, is no, detected In a ^V^Zi out. Next, it is judged 

« occurs or not. II an abnormahty occurs then^ ^JJJJJ^J no( (N : t) . If the remaining number o, 
whether the remaining number of tones of blood jetton is ^one x sepa ration and blood 

times is not one. then the flow *«t ad-ces to 0 » « S.ng number of times. The 

return lamp and start lamp are put out. N - N 1 is input boot Jhe |eak ya)ve 50 

weigh, of the blood collection container is mem onzed a s TW • ^ ^e Sve 52 (V52) is released to the 
so (LV50) is Cosed, the valve 51 (V51) is jnjj. pass^ro gh -^^7^(^14, is opened, the 
atmosphere, and the vacuum pump 43 (VP43) ,» ^"JJ An amjcoagulant |ipuid 

leak valve 54 (LV54) is closed, and the cuff pressure pump « _ t ' H h anticoagulant liquid 
(lor example. ACD liquid) is injected into the b ood ^^^ZSZ^coJ^iifM n 
container 45 till the weight that TW1 .s sub racted from ' Je wegtrt a rtneo ^ va|ue . $ 

ss . ) becomes more than the set anucoagulan J^^W^^ is slopped, and the ACD lamp 
reached, then the shut-off means 46 (CL46HS J determined time, it is always judged 

' tZTJZZ^trZ 'nZTJXZS: occurs, then an abnormality disposal is carried out. 
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Next. If the cuff pressure becomes higher than a predetermined value (CPB *iP2). then .the flow chart 
advances to ® in Fig.8(d> to start the blood collection mode again. While the state of CPR „ *P2 <* not 
detected in a predetermined time, it is always Judged whether an abnormality occurs or not. If an 
abnormality occurs, then an abnormality disposal is carried out. 

s ff it is judged that the remaining number of times of blood collection is one (N = 1). an end ato/m is 
given, the start lamp and the separation and blood return lamp are put out. and an end lamp is lit. The 
puncture needle 21 is then withdrawn from the donor. By opening the cover of the plasma collection 
apparatus 40. all of the shut-off means 12. 13. 14 and 46 are opened and the end lamp is put out The 
blood collection container is put out from the blood collection container receiving portion and the plasma 

,o separator is detached from the plasma separator attachment portion, completing the plasma collection 
operation. Otherwise, not opening the cover but inputting the number of times of blood collection (N) 
through the number key and operating the start key again, the flow chart advances to ® in Fig.8(b) to 
start the anticoagulant liquid injection mode again. 

In this flow chart, if an abnormality occurs in the detection of the weight of the blood collection 

is container or cuff pressure, an abnormality disposal is carried out by detecting the occurrence of the 

"""nS" a warning flow of the plasma collection apparatus 40 of the present invention will be described 
with reference to F.gs.9(a). 9(b) and 10. Referring to Figs.9(a) and 9(b). during operation of the plasma 
collection apparatus 40. it is always judged in order whether the stop switch is operated or not. whether 

20 there is a drop of the flow rate of collected blood or not whether the cover is open or not. there is a leak of 
blood or not. and there is a bubble or not in separation and blood return mode as shown by the left side 
route of Fig 9(a). If the judgment is YES in each step, the flow chart enters the warning flow. In this time, if 
the drop of the flow rate of collected blood is detected, then it is judged whether it is in the blood collection 
mode or not. If it is in the blood collection mode, then it is judged whether A = 1 (if A = 1 . it means another 

2S drop of the flow rate of collected blood). If A #1. the flow chart enters a subroutin A shown in Rg.m In the 
plasma collection apparatus 40. the internal pressure of the blood collection container receiving portion 41 
is maintained by ON/OFF operations of the vacuum pump within a range between the upper limit of a set 
pressure and the lower limit of 0.8-0.9 of the set pressure as shown in Fig. 11. The weight detecting means 
disposed in the blood collection container receiving portion 41 detects the weight of the blood collection 

30 container by a period of the swing motion by the swinging means 42 of the blood collection container 
receiving portion 41. A detected value is compared with the value detected 15 seconds before to detect a 
drop of the flow rate of collected blood. If the drop of the flow rate of collected blood is detected, then the 
flow chart enters the subroutin A shown in Fig. 10 as described above. In this subroutin A. as shown in Figs 
10 and 12. the vacuum pump 43 (VP43) and swinging means 42 are stopped and the leak valve 50 is 

as opened. This state is kept for one second (T«). Then, the pressure for blood collection is automatically set 
at 1/2 of the set pressure (P.). that is. P./2. The vacuum pump 43 (VP43) and swinging means 42 are then 
operated and the leak valve 50 (LV50) is closed. Next. A =1 is automatically input and blood collection is 
started again. If another drop of the flow rate of collected blood occurs. A =1 1 is .udged as shown in the 
flow chart of Fig.9(a>. It is then judged whether or not the value that the predetermined weight (TW S ) is 

,o subtracted fronTthe weight of the blood collection container 5 (NW N , is more than the set weighty £ ( 
NWii -TW S > W lh ). If this iudgment is YES (if NO. it corresponds to the condition oil 
alarm lamp goes on and off. A=0 is automatically input, and an alarm 82 is operated, then Bar How chart 
advances to © in Fig.9(b). The vacuum pump 43 (VP43) and swinging means 42 are then stopped and 
m teak valves 50 (LV50) and 54 (LV54) are released as shown in Figs.9(b) and 12. Next, afl o *e shu -off 

45 means (CL12. 13. 14 and 46) are closed and the start, lamp and an break lamp go on and o« Next , « 
judged whether the start switch is ON or OFF and whether the break switch ,s ON or OFF. II it is detected 
that the start switch is on and the cover is closed, the break lamp is put out. the start lamp goes on. the 
alarm lamp is put out and the flow chart advances to © in Fig.9(b). If it is detected that the break switch 
is ON, the alarm lamp, start lamp and break lamp are put out and the flow chart advances to © of the flow 

50 chart of Fig.8(a) to break off the plasma collection operation. 

Next, examples of the present invention will be described. 
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Example 1 



ACD added bovine blood of 446 ml regulated to Ht 40 % was contained by the blood co ec ion 
container The blood collection container containing the above blood was received by the blood collection 
container receiving portion of the blood collection container receptacle. The internal pressure of the blood 
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™i.~*ir»« mntainer receivino oortion of the blood collection container receptacle was set at 60 mmHg. The 
£Ta "o^£22£Z*« .o the p.asma collect corner recep^ and £ JJjjj-I 
pressure thereof was set at -30 mmHg. The plasma collection container receptacle was Hemoquick 
SteTec i££ mark of TERUMO KABUSHIKI KAISHA). The circuit construction was as shown in Rg. 1 . 
S e tnVshut^ff means 11. 13 and 14 were opened and the shut-off means 12 and releasing means 17 
£re cSs* She batmen, time of the blood of 446 ml was 16 minutes and 35 seconds and plasma of 196 
ml could be collected. 



to Example 2 

An experiment was carried out similarly to that of Example 1 except a head h between , the plasma 
outlet of the olasme separator and the plasma collection container 10 was 47 cm instead of using the 
pTas^ ^ a' shown in Fig.2. Substantial* the simi.ar results «c those of 

is Example 1 were obtained. 
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Example 3 

The plasma collection apparatus as described above with reference to Figs 4a through 9 was prepare^ 
The^ng^needle type puZa coliection circuit had the circuit construction showr > m Pi**, punctu^ 
^IZ TasTeG andThe plasma separator was a flat membrane lamination type. ACD added bov.ne blood 
S7T related o hV 40 % was contained by the container. The puncture needle was inserted ,r . the 
conta ne° to carry out the plasma collection experiment. The blood collection contamer rece.v,ng portion of 
Z S apparatus was depressurized to -180 mmHg upon blood col.ect.or, and pressurized to 
^ S^rHSTbSd return. The period of the swing motion was 3 seconds. The amount of Wood 
i„ on^LV was 228 ml The number of times of blood collection was five. The conta.ner 
^Zo SloZo™ bL was agitated with a rotor during p.asma collection operation. The results 
of the plasma collection are given in the following table 1 . 

Table 1 



40 



Number 


Time of blood 
collection 


Time of 
blood return 


Amount of plasma 
collection (g) 


1 

2 
3 
4 
5 

Total 


1 '37* 
1 41 
1 42 
1 ' 42* 
1 ' 43" 


2 14 
2 ' 29* 
Z' 25" 
2 ' 36" 
2' 40" 


81.8 
89.2 
86.0 
84.2 
82.0 

423.2 


22 10 
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PS 



. • - m =n thfl aooaratus can be used even in a narrow car tor blood donation 
whole size of the apparatus « small. ^^^^^ blood mrou gh a plasma separator, parts to 
because there Is no necessity a %^ y *™TX™ can eSily i collected. Furthermore, 

be handled can be gathered, improving the operaDimy. ^ a a v shortened, the volume for 

the btood transportation tubes ^^^^l^TZ ^ automation of the operation 

^a'sscs: £ - =£ ~ - - « 
^rsr ~d m r nrrrss " 

nrSCSSS' apparatus of - ST^IS^ 

r a rr rbecomes po SS ib,e , 0 — . an 

anticoagulant liquid injection line. n - H . with an anticoagulant liquid transportation tube 

"r^rroKr^ 

circuit comprising a blood collection needle; » W ^^^°^""' ^cod separator; a second blood 
connecting the blood collection needle to the ^ co^. .^^ep^ a third 

transportation tube connecting the blcK>d collection contarner to a ^ f|rst blood 7 rans p 0r tation 

blood transportation tube connecting a blood outlet of th ' , plasma outle , of the 

tube; a plasma collection container; ^.^^1^^^ a b^^Tleltion container receiving 
plasma separator to the plasma collection conta ner «mp*M J~uiWng the interior ol the b.ood 
portion; pressurizing and depressurizing means *^™LlS or detachably attaching the 
collection container receiving portion; a plasma ^^/JdlSUSEii tube of the blood separation 
plasma separator, first shut-off means J^^^S^SSS^be thereof, and third shut-off 

SrS^Kt^i^^ P-acan be easily collected by 



Claims 

cokcnop 'con,*,..: p Ml Mood pppwpppIpp P*P «"»«"» ~* ^"2. blood pM» 

oo.leota, MP. • « "P-W; • "Sd^^W^°^° ™« » 6l °° d 

conui™. lo , wood UP! of .aid Wood «P««»- **' d .„ b n '°^ ™SaSTooll.olloo conuMt; « Hps™ 
ol said blood s.p,,.lo, .o aid M odood '"^^T^^^^^ cod»o.: 
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contained In said blood collection container. 

6 A plasma collection apparatus to which Is connected a blood separation circuit comprising a blood 
collection needle; a blood collection container a first blood transportation tube connecting said blood 
collection needle to said blood collection container; a blood separator, a second blood transportation tube 
connecting said blood collection container to a blood inlet of said blood separator a third Wood transporta- 
tion tube connecting a blood outlet of said blood separator to said first blood transportation tube; a plasma 
collection container; and a plasma transportation tube connecting a plasma outlet of said plasma separator 
to said plasma collection container, comprising a blood collection container receiving portion; pressurizing 
and depressurizing means for pressurizing or depressurizing the interior of said blood collection container 
receiving portion; a plasma separator attachment portion for detachably attaching said plasma separator 
first shut-off means for closing said first blood transportation tube of said blood separation circuit; second 
shut-off means for closing said second or third blood transportation tube thereon and third shut-off means 
tor closing said plasma transportation tube thereof. .... , _ 

7 A plasma collection apparatus according to claim 6. wherein said plasma collection apparatus further 
comprises pressure detecting means for detecting the pressure of the interior of said blood collection 
container receiving portion. „ _., . .. 

8 A plasma collection apparatus according to claim 6. wherein said plasma collection apparatus further 
comprises weight detecting means tor detecting the weight of said blood collection container received by 
said blood collection container receiving portion. 

9 A plasma collection apparatus according to claim 8. wherein said plasma collection apparatus further 
comprises a controller for controlling said pressurizing and depressurizing means, and said first, second 
and third shut-off means on the basis of the output of said weight detecting means. 

10. A plasma collection apparatus according to claim 6. wherein said plasma collection apparatus further 
comprises swinging means for agitating said blood collection container received by sa,d blood collection 
container receiving portion. . 

11. A plasma collection apparatus according to claim 6. wherein said single-needle type plasma separation 
circuit further comprises an anticoagulant liquid container and an anticoagulant Hquid transportation tube 
connecting said anticoagulant tiquid container to said b.ood collection contain ^^^^^ 
apparatus further comprises fourth shut-off means for closing said anticoagulant liquid transportation tube. 

. 12 A plasma collection apparatus according to claim 1 1 . wherein said controller controls said fourth shut-off 

^Tplasma collection apparatus according to claim 6. wherein said plasma collection apparatus further 
comprises pressurizing means for pressurizing a cuff attached to a donor. 

S. A plasma collection apparatus according to claim 13. wherein said plasma collection apparatus further 

comprises cuff pressure detecting means. Mrtaratinn 

,5. I p.asma collection apparatus according to claim 6. wherein said "'^^^^JZSStS 
circuit further comprises an anticoagulant liquid container and an anticoagulant liquid transportation tube 
"n cS said aXoagulant liquid 'container to said b.ood collection container, and 
apparatus further comprises pressure detecting means for detecting the pressure of of said 

Wood collection container receiving portion, weight detecting means for detecting the weigh of sad Wood 
election container received by said blood collection container receiving portion, swinging means ft* 
agitating said btood collection container received by said blood collection contamer 

shut-off means for closing said anticoagulant liquid transportation tube, pressurizing means for pressurizing 
fSS a ono . and cuff pressure detecting means, and said controller controls said P^unzing 
anc ^pressurizing means and said first, second, third and fourth shut-off means on the bas,s of the output 

IbTSSSSZ aXatus according to Cairn 15. wherein said controller controls said pressurizing 
and de^essunz^ nian« 'and said first, second, third and fourth shuNrff means, said swinging means and 
said pressurizing means for cuff on the basis of the output of said weight detecting means. 
Tv pSsma collection apparatus to which is connected a blood separation circuit compn*nga blood 
collection needle- a blood collection container; a first blood transportation tube connecting sad Wood 
co Son needle to said blood collection container; a Wood separator a second Wood transportation tube 
conneSng safe b ood collection container to a b.ood inlet of said Wood separator; a third blood transporta- 
^on tube connecting a blood outlet of said blood separator to said first blood transportation tube; a plasma 
Z^IZZZZSina a Plasma transportation tube connecting a plasma outlet of said plasma separator 
to Xla^clection container, comprising a Wood collection container *^^SS£^SS 
^ - m oan c fnr nressurizina or depressurizing the intenor of said blood collection container 

' or detachaWy attacWn9 said p,asfna separa,or: 
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15 



M sHuf-pff means fo, - - = ^^Sn^*^^^ 

shut-off means for Cosing sa,c . second Wood b)ood ^ that the interior of said 

closing said plasma transportation ^Et^ by the operaUon of said pressurizing and 

blood collection container receMng (wrtontt ' *^ s "£ of y blood int0 said blo0 d collection container 
depressing means so as to collect a P r ^^ e ^ or ° 0 , said blo od collection container receiving 
from a donor: a small amount blood return step ^^^^g means after completion of 
portion is pressurized by the operation . * - Jjjjjj^ Sd ftr^WotS transportation tube to said 
said blood collection step so as to return th* lnt0 ^ firs t blood transportation tube; 
donor arid flow the btood collected Section container receiving portion is 

and a separation and blood return step that the interior ol (saw wooo completion of said small 

pressurized by the operation of said P^J^StS oo.lection container into said 
amount blood return step so as to flow the ^ '^on container from said plasma outlet 

53 ZZttEZSEtt"^ to - — ,rom ^ b,00d 06,1 out,et of 

comprises weight detecting means for detecting the > ™9 n ^ « for controlling said pressurizing and 

sr^^rsszssis.^a — — — - - — - - 

collection need.e; a blood collection contamer; a r /f ^J^ 3 second bl00 d transportation tube 
collection needle to said blood collect-on ccnta, ^ .Wood separate^ ^ ^ ^ transpor1a _ 

connecting said blood collection fir8t wood transportation tube: a plasma 

tion tube connecting a blood outlet of ^b.^sepa^to ****** of sajd p(asrna separator to 
collection container, a plasma ^"^^.^.^^ner and an anticoagulant liquid transportation 
said plasma collection container: an f^^^os^ b^ collection container, comprising a blood 
lube connecting said anticoagulant l,qu.d container to- ^° 10 means for pressurizing or depres- 

collection container receiving portion: press unangj and JJJJ-^n; a plasma separator attachment 
surizing the interior of said btood collection "^^TSJK* means for closing said first blood 
pcrtion for detachably attaching sa,d p ^J^^J^,^ for closing said second blood 
transportation tube of said blood ■**""»°™ 4 V '^^d plaS ma transportation tube thereof: and 
transportation tube thereof: third shut-off means for cl going | sac f . ma co „ ection 

fcurth shut-off means for closing said ^0, said blood collection container 

apparatus earring out an anticoagulant Hqutd «^^^X^*P"^ ,n 9 meanS 50 35 * 
receiving portion is depressurized by the »^ ^J^STwoil coUecfion container from said 
inject a predetermined amount of anticoagulant hquid I into saw o co „ ec tion container 

aTticoaguL tiquid container; a blood collection , stop ^i^,,,^ means after 

receiving portion is depressurized by the operation * sa. ^ P^ ^ r ^ edetermined amou nt of blood into 
«, completion of said anticoagulant ^ return step that the interior of said blood 

said blood collection container from a donor, a small amoun 10 pressuriz ing and depressur.z.ng 

collection container receiving portion ,s pre ssunzed by ™ remaining in said first blood 

means after completion of said blood ejection ^/^^^Jd blood collection container into said 
transportation tube to said donor and flow the btood ""ectod m sa.c. ^ ^ ^ ^ ^ 

, 5 first blood transportation tube: and a separation and hlooc ret * n s P an(J depressurizin g 

S3 <£«*« ">-» f> «c~rd«.c. -h M <W earned out 
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FIG. 7 
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FIG. 4 (a) 
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FIG. 4 (b) 
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FIG. 6 (c) 
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FIG. 8(d) 
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FIG. 8(f) 
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FIG. 9(b) 
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© Single-needle type plasma separation apparatus and plasma collection apparatus. 



© The single-needle type plasma separation ap- 
paratus (1) of the present invention comprises a 
blood collection needle (21); a blood collection con- 
tainer (5); a first blood transportation tube (2) con- 
necting the blood collection needle (21) to the blood 
collection container (5): a blood separator (7); a 
second blood transportation tube (6) connecting the 
blood collection container (5) to a blood inlet (7a) of 
the blood separator (7); a third blood transportation 
tube (8) connecting a blood outlet (7b) of the blood 
separator (7) to the first blood transportation tube (2); 
a plasma collection container (10); a plasma trans- 
portation tube (9) connecting a plasma outlet (7c) of 
the plasma separator (7) to the plasma collection 
container (10): and a blood collection container re- 
ceptacle (18) including a receiving portion for the 
blood collection container (5) and capable of pres- 
surizing and depressurizing the interior of the receiv- 
ing portion. Because the single-needle type plasma 
separation apparatus (1) of the present invention is 
provided with the blood collection container recep- 



table (18) including the receiving portion for the 
blood collection container (5) and capable of pres- 
surizing and depressurizing the interior of the receiv- 
ing portion, it is possible to carry out the collection 
of blood into the blood collection container (5). the 
transportation of the collected blood to the plasma 
separator (7). and the return of the concentrated red 
blood cells from the plasma separator (7). Therefore, 
the present invention affords the advantages that the 
circuit construction is simple, the whole size of the 
apparatus is small, the apparatus can be used even 
in a narrow car for blood donation because there is 
no necessity for ensuring a head for circulating 
blood through a plasma separator, parts to be han- 
dled can be gathered, improving the operability, and 
plasma can easily be collected. Furthermore, the 
blood transportation tubes connecting the compo- 
nents to one another can be shortened, the volume 
for priming of the plasma separation apparatus can 
be made small, and an automation of the operation 
becomes possible. 
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